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(54) OPTICAL COMMUNICATION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To stably transmit a light signal 
in an optical communication system composed of optical 
fibers of different modes. 

SOLUTION: In the optical communication system which has a 
laid multimode optical fiber 1 , a laid single-mode optical fiber 
2, and a connection member 5 which connects those optical 
fibers of different modes, an optical fiber 3 for transmission is jSSSfi^- 
connected between an optical transmitter 10A and the 
multimode optical fiber 1 and a light signal of base mode 
generated by being propagated in the optica! fiber 3 for 
transmission is made incident on the multimode optical fiber 




* NOTICES * 

JPO and I HP IT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3,In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A laid multimode optical fiber. 
A laid single mode optical fiber. 

A connecting member which connects between these different-species mode optical fibers. 
It is the optical fiber communications system provided with the above, an optical fiber for 
transmission is connected between an optical transmitter and said multimode optical fiber, and a 
lightwave signal in base mode which spreads said optical fiber for transmission and is formed enters 
into said multimode optical fiber. 

[Claim 2]The optical fiber communications system according to claim 1 , wherein said optical fiber for 
transmission is the 1st optical fiber for excitation constituted so that propagation of only base mode 
was possible. 

[Claim 3]The optical fiber communications system according to claim 1, wherein said optical fiber for 
transmission is the 2nd optical fiber for excitation that has an effective cutoff wavelength which is 
not fonger than . an oscillation wavelength of sard optical transmitter. 

[Claim 4]Said connecting member between different-species mode optical fibers, The optical fiber 
communications system according to claim 1 being an optical connector which has the 1st ferrule 
holding an end of said multimode optical fiber, and the 2nd ferrule holding said single mode optical 
fiber end, and to which said different-species mode optical fiber is joined by these. 
[Claim 5]The optical fiber communications system according to claim 1, wherein said connecting 
member between different-species mode optical fibers is constituted by alignment axial ]-carrying 
out fusion splicing on the basis of a peripheral face of said multimode optical fiber and said single 
mode optical fiber. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the optical fiber communications system which has a 
connecting member which connects between the laid multimode optical fiber, a single mode optical 
fiber, and these different-species mode optical fiber 
[0002] 

[Description of the Prior Art]In the optical-communications field, the optical communications which 
used from the former the optical fiber cable of the multimode optical fiber laid in the 1 area or the 
building are performed widely. In these days, a single mode optical fiber is being used for the optical- 
communications field as an optical fiber, the newly laid single mode optical fiber is connected to the 
already laid multimode optical fiber, and the necessity of performing optical communications is 
increasing. 
[0003] 

[Problem(s) to be Solved by the Invention] However, since the light which spreads a multimode optical 
fiber differs in a time delay for every mode as everyone knows, The light in each mode causes 
interference mutually, and luminous intensity does not become uniform in the end face of a multimode 
optical fiber, but a strong portion and a weak portion appear locally, and the phenomenon in which the 
intensity difference is large and light intensity becomes a spot pattern arises. Since the spot pattern 
resulting from this light interference changes [ delicate ] easily only by people's hand contacting an 
optical fiber, If a disturbance noise etc. are especially added when connecting a multimode optical 
fiber with a large core diameter, and a single mode optical fiber with a small core diameter and leading 
a lightwave signal to a single mode optical fiber from a multimode optical fiber, A big intensity change 
arises in the lightwave signal which enters into a single mode optical fiber, and it originates in this, 
When processing a lightwave signal, a bit error occurs, there is a problem that optical- 
communications nature is spoiled, and it was thought that it was difficult to perform optical 
communications from the multimode optical fiber side through light to the single mode optical fiber 
side. 

[0004]Therefore, when the different-species mode optical fiber of a multimode optical fiber and a 
single mode optical fiber tends to be connected and it is going to build an optical fiber 
communications system, As for a lightwave signal, it is effective to transmit to the multimode optical 
fiber side from the single mode optical fiber side chiefly, Conversely, when [ that ] difficulty was 
expected and lightwave signal transmission from the multimode optical fiber side to the single mode 
optical fiber side designed an optical fiber communications system, it needed to clear these 
restrictions. 

[0005]As a method of clearing these restrictions, use the light source which has an incoherent 
emission spectrum, or, the proposal of coinciding a mode field diameter in a terminal area is made — 
**** (JP,7-250025 1 A) — a light source was not common, and art advanced for coinciding a mode 
field diameter was needed, and there was a problem that practicality was missing. 
[0006]Then, the purpose of this invention provides the optical fiber communications system which 
can transmit a lightwave signal for the inside of the transmission line which comprised a different- 
species mode optical fiber stably. 
[0007] 

[Means for Solving the Problem]In an optical fiber communications system which has a multimode 



optical fiber in which an optical fiber communications system concerning this invention was laid, a laid 
single mode optical fiber, and a connecting member which connects between these different-species 
mode optical fibers, An optical fiber for transmission is connected between an optical transmitter and 
a multimode optical fiber, and a lightwave signal in base mode which spreads an optical fiber for 
transmission and is formed enters into this multimode optical fiber. 

[0008]Since composition which enters into a multimode optical fiber a lightwave signal in base mode 
to which an optical fiber for transmission was made to transmit is taken according to the optical fiber 
communications system of this invention, the great portion of lightwave signal power spreads inside of 
a multimode optical fiber with a gestalt of a single mode. Next, it can spread, without producing mode 
conversion, unless exceptionally farge disturbance is added to a multimode optical fiber, even if a 
lightwave signal which spread a multimode optical fiber will spread inside of a single mode optical 
fiber. 

[0009]The 1st optical fiber for excitation that as for an optical fiber for transmission in this invention 
was constituted so that propagation of only base mode was possible (on parenchyma) It is the same 
composition as a single mode optical fiber. Or it is constituted by the 2nd optical fiber for excitation 
that has an effective cutoff wavelength which is not longer than an oscillation wavelength of an 
optical transmitter, and a lightwave signal after spreading these optical fibers for transmission enters 
into a multimode optical fiber. When using the 1st optical fiber for excitation, since a single mode 
optical fiber currently used as an optical transmission line can be diverted to some other purpose, it 
is desirable. To use the 2nd optical fiber for excitation, it is necessary to produce an optical fiber for 
excitation anew but, and an effect that base mode can be obtained more certainly is done so. 
[001 0]A connecting member between different-species mode optical fibers in this invention, It has 
the 1st ferrule holding an end of a multimode optical fiber, and the 2nd ferrule holding an end of a 
single mode optical fiber, After carrying out axial alignment on the basis of a peripheral face of an 
optical connector to which a different-species mode optical fiber is joined by these or a multimode 
optical fiber, and a single mode optical fiber, it is constituted by carrying out fusion splicing. Since a 
lightwave signal of this invention is excited so that it may spread with a gestalt in base mode in a 
multimode optical fiber, even if an optical fiber from which a core diameter is different will be 
transmitted, connection loss is not it becomes a direct cause and increases. 
[0011] 

[Embodiment of the Invention] Hereafter, an embodiment of the invention is described in detail, 
referring to an accompanying drawing. In explanation of a drawing, the same numerals are given to the 
same element and the overlapping explanation is omitted to it. 

[001 2] Drawin g 1 is a schematic diagram showing the entire configuration of the optical fiber 
communications system concerning this embodiment, It is connected by the connecting member 5 
and the multimode optical fiber t laid in the 1 area or the building and the single mode optical fiber 2 
laid as a transmission line for long-distance transmission form an optical transmission line, The 
optical receiver 20B by the side of a member is connected at the tip of the multimode optical fiber 1 
via the optical transmitter 1 0A and the optical fiber 4 for reception by the side of a member via the 
optical fiber 3 for transmission, respectively. The optical receiver 20A by the side of the terminal 
office is connected at the tip of the single mode optical fiber 2 via the optical transmitter 10B and 
the optical fiber 4 for reception by the side of the terminal office via the optical fiber 3 for 
transmission, respectively, and the optical transmission line of transmission systems and the optical 
transmission line of a receiving system show the case where it is constituted independently. 
[001 3] He re after, the composition, operation, and effect of each part are explained in full detail. 
Prayvmg_2 Js a figure showing the composition in the case of transmitting to the terminal office side 
from the member side. In drawing 2, the multimode optical fiber 1 is formed by 10 micrometers of 
outer diameter numbers of cores with which germanium was added by quartz system glass, and the 
clad covered with the periphery of the core with quartz system glass with an outer diameter of 125 
micrometers, the length of the multimode optical fiber 1 is usually hundreds rice - number **. The 
single mode optical fiber 2 is formed by the clad covered with the periphery of a core with an outer 
diameter of several micrometers with which germanium was added by quartz system glass, and a core 
with quartz system glass with an outer diameter of 125 micrometers, and is an optical fiber for long 
distances. 

[0014]The lightwave signal sent out from the optical transmitter 10A by the side of a member passes 



the optical fiber 3 for transmission, spreads the multimode optica! fiber 1 and the single mode optical 
fiber 2 and is sent to the optical receiver 20A by the side of the terminal office through the optical 
fiber 4 for receptron. K 

[0015]In this optical transmission course, in order for the lightwave signal sent out from the optical 
transmitter 10A to spread the single mode optical fiber 2 through the multimode optical fiber 1 stably 
the l.ghtwave signal which enters into the multimode optical fiber 1 must take the gestalt of the single 
mode which consists of base mode. 

[001 6]Since no higher modes other than base mode transmit the single mode optical fiber 2 when the 
lightwave signal of the multi-mode which consists of base mode and higher mode spreads the inside 
of the multimode optical fiber 1 temporarily, In the input edge of the single mode optical fiber 2 all of 
the power component of higher modes other than base mode become connection loss, and it cannot 
nn^li f k S a 1 tra ^ m,s u s,on i med i um for oPti^l communications. Therefore, it becomes the multimode 
°™ JSm , W J ^ 3 baSa ' cond,tion to e nter the lightwave signal of a single mode. 
L0017jNamely .f the lightwave signal in base mode enters into the multimode optical fiber 1, Unless 
exceptionally b.g disturbance is given to the multimode optical fiber 1 , with the gestalt in base mode 
the great portion of lightwave signal power will spread the inside of the multimode optical fiber 1 it 
will I rank .second, and the lightwave signal which spread the multimode optical fiber 1 will spread the 
ms.de of the single mode optical fiber 2 as it is. Since the multimode optical fiber 1 used for this 
invention is laid by the place with usually few opportunities for a help to contact, it is arranged at few 
places of disturbance. 

[0018]Next, how to enter the lightwave signal of a single mode into the multimode optical fiber 1 is 
expla.ned refernng to drawing^. In the figure, via the optical fiber 3 for transmission, the optical 
power of the opt.cal transmitter 10A enters into the multimode optical fiber 1, and as the optical fiber 
3 for transmission, The 1 st optical fiber for excitation (it is the same composition as a single mode 
optical fiber on parenchyma.) that only base mode comprised so that propagation was possible, or the 
2nd optical fiber for excitation that has an effective cutoff wavelength which is not longer than the 
osc.llat.on wavelength of the optical transmitter 10A is used. Only base mode spreads to the optical 
fiber 3 for these transm.ss.on. The light of short wavelength which the other higher mode generates is 
not sent from the optical transmitter 1 0A. 

[001 9]Since what is being used as an optical transmission line can be diverted to some other purpose 
when using the 1 st optical fiber for excitation as the optical fiber 3 for transmission, it is the method 
for which it was actually suitable. On the other hand, when using the 2nd optical fiber for excitation 
an optical fiber must be produced anew, but there is the feature that base mode can be obtained 
more certainly. Since the position for which the optical fiber 3 for transmission is used is a high place 
of a possibility that a help will contact, it is preferred to use such an optical fiber also from **** 
which improves the stability of a transmission route. If the 1 st optical fiber for excitation is adopted 
as the optical fiber 4 for reception by the side of the terminal office, the optical fiber for transmission 
charactt^stic 3 *° S ° me ° ther PUrP ° S6 38 * ' S ' and * is desirable also from a point of a transmission 

[0020]Subsequently, the connecting member between different-species mode opticaf fibers is 
expla.ned. In [ dxawjng^is a figure showing the composition in the case of connecting with an optical 
connector, and ] the figure. The 1 st ferrule 30-1 and the end of the single mode optical fiber 2 are 
held at the 2nd ferrule 30-2, respectively, and the end of the multimode optical fiber 1 shows the 
optical connector 30 formed by a means to join the end face 31-1 of these ferrules, and 31-2, and to 
fix Drawing 4 is a figure showing the composition which connects these optical fibers by fusion 
splicing, and in the figure, after it carries out axial alignment on the basis of the peripheral face of the 
mult.mode optical fiber 1 connected, and the peripheral face of the single mode optical fiber 2 it is 
the method of carrying out fusion splicing. Since the lightwave signal which any connection method 
has the feature in the point which carries out direct continuation of the optical fiber from which a 
core diameter differs, and passes through these terminal areas is spread with the gestalt of a base 
even if a core diameter has a difference, it does not appear directly as connection loss. Since the 
light in base mode spreads even if the medial axis of the core in a terminal area may shift a little, a 

r^o a Al Slgn f V 1 " be drawn to a core part ^ a hi « h ">fractive index, and will be spread normally. 
L0021jAlthough the case where it spread from the member side to the terminal office side was 
explained until now. the case where it spreads from the terminal office side to the member side is 



explained. DrajtfingJJs a lineblock diagram in case the lightwave signal sent out from the optical 
transmitter 10B by the side of the terminal office spreads the single mode optical fiber 2 and the 
multimode optical fiber 1 via the optical fiber 3 for transmission and is sent to the optical receiver 
20B by the side of a member through the optical fiber 4 for reception. In the figure, since the 
lightwave signal emitted from the optical transmitter 10B by the side of the terminal office will spread 
the multimode optical fiber 1 after spreading the single mode optical fiber 2, the lightwave signal 
which enters into the multimode optical fiber 1 enters with the gestalt in base mode. Therefore, the 
optical fiber 3 for transmission can spread the lightwave signal in base mode by using the 1st optical 
fiber for excitation of the same composition as the single mode optical fiber 2 ? and it is preferred also 
from the point which can be obtained easily. 

[0022] As for the optical fiber 4 for reception, although the optical fiber of the same composition as 
the multimode optical fiber 1 can also be used for the optical fiber 4 for reception by the side of a 
member, since a possibility of contacting a help is a high place, it is desirable to use the 1st optical 
fiber for excitation. 
[0023] 

[Work example 1]It experimented in the error rate when the lightwave signal of the pulse was 
transmitted using the optical fiber communications system of composition of being shown in drawing 
2. In the figure, the light sent out from the optical transmitter 10A is the lightwave signal with which 
the 1.3-micrometer laser beam oscillated from a laser diode was modulated by the pulse signal of 
1 57.5 Mb/s. 

[0024]The multimode optical fiber 1 was formed in a core with a diameter of 50 micrometers which 
added germanium to silica glass, and the surroundings of it by the clad with an outer diameter of 125 
micrometers, and was measured about the case where length is 0.4 km, 1 .7 km, 5.8 km, and 8,4 km. 
The single mode optical fiber 2 is formed in a core with a diameter of 9 micrometers which added 
germanium to silica glass, and the surroundings of it by a clad with an outer diameter of 125 
micrometers, and length is 7.7 km. The optical receiver 20A received light with the photo-diode, and 
measured the bit error. The optical power of the single mode optical fiber 2 was. received directly. 
The optical fiber 3 for transmission is the 1st optical fiber for excitation of the same composition as 
the single mode optical fiber 2, and was 10 m in length. The connection between each optical fiber is 
the fusion splicing by outer diameter alignment. 

[0025]As a result of conducting a transmission experiment in such an optical fiber communications 
system, when the length of the multimode optical fiber 1 was 0,4 km, 1.7 km, and 5.8 km, the bit error 
was not produced, but in the case of 8.4 km, the bit error occurred. It was checked by facing 
enforcing the transmission method of this invention and adding length restrictions of a multimode 
optical fiber from this result, that communication can be done stably. 
[0026] 

[Work example 2]It experimented in the path loss level between different-species mode optical fibers 
using the optical fiber communications system of the same composition as the composition shown in 
drawing 2 and Example 1. The multimode optical fiber 1 was 1.2 km, the single mode optical fiber 2 set 
to 15 km, and the optical receiver 20A received light with the photo-diode, and carried out direct 
entering of the optical power of the single mode optical fiber 2. The optical fiber 3 for transmission is 
the 1st optical fiber for excitation of the same composition as the single mode optical fiber 2, and 
length is 5 m. 

[0027]As a result of measuring path loss in such an optical fiber communications system, the path 
loss in the wavelength of 1.3 micrometers was 2.06dB/km. When vibration was added to the portion of 
the multimode optical fiber t, the fluctuation level was 0.3 dB or less. It turned out that can check 
that transmit the fight in base mode to a multimode optical fiber, and communication is possible for it 
from this result, and it can transmit stably also to some vibration. It was not accepted in the terminal 
area that especially connection loss increases. 
[0028] 

[Comparative Example(s)]The path loss level experiment of the different-species mode optical fiber 
was conducted using the optical fiber communications system of composition of being shown in 
drawing .?. That is, the path loss at the time of supplying the optical power of the optical transmitter 
10A to the multimode optica! fiber 1 directly was measured. It is 1.2 km, the single mode optical fiber 
2 is 15 km, and the other composition of the multimode optical fiber 1 is the same as that of the 



example 1 of an experiment. 

[0029]As a result of measuring path loss about such an optical fiber communications system, the 
fluctuation level according [ the path loss in the wavelength of 1 .3 micrometers ] to the excitation of 
19.7dB [ km ] /and the multimode optical fiber 1 was 0.1 dB or less. When the lightwave signal of the 
multi-mode was made to spread in a multimode optical fiber, it ranked second and the lightwave 
signal of the multi-mode was entered into the single mode optical fiber from this result, path loss 
increased remarkably in the terminal area, and it was checked that transmitting becomes impossible 
[0030] 

[Effect of the Invention]In the optical fiber communications system constituted by the different- 
species mode optical fiber as explained above, this invention can communicate stably by entering the 
lightwave signal in base mode into a multimode optical fiber. Under the present circumstances, the 
connecting member between different-species mode fibers can connect the optical fiber from which a 
core diameter differs by an optical connector or fusion splicing. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing. 1]It is a schematic diagram showing the entire configuration of the optical fiber 
communications system concerning this embodiment. 

EPj^.wing_2lIt is a figure showing the composition in the case of transmitting to the terminal office 
side from the member side. 

£Di^wjiT^3lIt is a figure for explaining the connection method by an optical connector. 
[Drawing.4]It is a figure for explaining a fusion splicing method. 

[Drawing 5]It is a figure showing the composition in the case of being transmitted to the member side 
from the terminal office side. 

[Drawing _6]It is a figure showing the composition of the optical transmission line concerning a 
comparative example. 
[Description of Notations] 

1 ...A multimode optical fiber, 2 ..Single mode optical fiber, 1-1, 2-1 [ ...The optica! fiber for reception, 
5 / „ The connecting member of an optical fiber, 10/... An optical transmitter, 20 / ... Optical 
receiver / 30 / ,„End face / „. An optical connector 30-1-2 ... A ferrule, 31 ] ...A core, 1-2, 2-2 ..A 
clad, 3 ... The optical fiber for transmission, 4 
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DRAWINGS 



[Drawing 1] 
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WRITTEN AMENDMENT 



[Written amendment] 

[Filing date]December 1 (1999.1 2.1 ), Heisei 11 
[Amendment 1] 

[Document to be AmendedjSpecification 
[Item(s) to be Amended]Claim 1 
[Method of Amendment]Change 
[Proposed Amendment] 

[Claim 1]In an optical fiber communications system which has a laid multimode optical fiber, a laid 
single mode optical fiber, and a connecting member which connects between these different-species 
mode optical fibers, 

An optical fiber for transmission is connected between an optical transmitter and said multimode 
optical fiber, and an optical fiber for reception is connected between said single mode optical fiber 
and an optical receiver, 

It is sent out from said optical transmitter and a lightwave signal in base mode spread and formed 
satd optical fiber for transmission, An optical fiber communications system which entering into said 
multimode optical fiber, spreading said multimode optical fiber, said single mode optical fiber, and said 
optical fiber for reception in order, and receiving by said optical receiver. 
[The amendment 2] 

[Document to be Amended]Specification 
[Item(s) to be Amended]0007 
[Method of Amendment]Change 
[Proposed Amendment] 
[0007] 

[Means for Solving the Problem]In an optical fiber communications system which has a multimode 
optical fiber in which an optical fiber communications system concerning this invention was laid, a laid 
single mode optical fiber, and a connecting member which connects between these different-species 
mode optical fibers, An optical fiber for transmission is connected between an optical transmitter and 
a multimode optical fiber, An optical fiber for reception is connected between a single mode optical 
fiber and an optical receiver, It is sent out from an optical transmitter, and a lightwave signal in base 
mode which spreads an optical fiber for transmission and is formed enters into a multimode optical 
fiber, spreads a multimode optical fiber, a single mode optical fiber, and an optical fiber for reception 
in order, and it is received by optical receiver 
[Amendment 3] 

[Document to be AmendedjSpecification 
[Item(s) to be Amended]0008 
[Method of Amendment]Change 
[Proposed Amendment] 

[0008]According to the optical fiber communications system of this invention, when the lightwave 
signal sent out from the optical transmitter spreads the optical fiber for transmission, it is made into 
base mode, and the lightwave signal in this base mode enters into a multimode optical fiber. And most 
lightwave signals spread the inside of a multimode optical fiber with the gestalt of a single mode. 
Therefore, unless exceptionally large disturbance is added to a multimode optical fiber, mode 
conversion is not produced within a multimode optical fiber, while it has been a gestalt of a single 



t 



mode, a single mode optical fiber and the optical fiber for reception are spread in order, and it is 
received by the optical receiver. 
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jt7 7-r^fflKG^-r sojb^aswpfe t) , soffit, 

K7 , £7 7-r^fiiI^5.^>'7*^ ; e- KJt7 r-f 

*jRttr s re t a c ©«!i*si* ^ u r r s o ft c 

[0 0 0 5] C O^J^ 7 'J T? S77Si;bTs Yyn 

©SS^ftStlTV^S (#^¥7-2 5 0 0 2 5^ 
W IPs ymtP-M®T'%:<, Sft^-H7^-;l/H@ 

[0 0 0 6] *CT?*^OgWtt» SS ; e-F^77 
[0 0 0 7] 

7fAft, flJ^tift'7;v^ ; e-K^7 7'('M^^ flrK 

jt7 7-r/ < ;H^gMt§^a5^t*wr3^afl^7 

rAK^v>T, ^3fiIi:v;l/^-Fjt77Y^iC 
Ktcifiii«ffl^77^A^M^*i, c©t;I^e- F 
^77-YAt^iM7t77^^*f5ffitT®fig$n^ 

jtist- h'<oytmf&fAMi£ti%zk%m&kt% 0 

[0 0 0 8] *fZW<DftMSi/XT2±lC&ftt£, jSBffl 

77^^*011/ ft3tt«*W«^ > F^ 7 7 A 

F7fe77-f'/^iD^ftV^llf? ; &- Ka*64U*C 

[0 0 0 9] *|gl3g£43t73^Sffl^7 7-r/ , ;ti. 
FcD^^fSffiRllgK^^nft^ 1 <0®Jlffl7 I £7 7 



(3) 

3 

-f/< GULL ^^^/U*-H«77>f^traC«|jjTf 

oT4S$£ft, cn6©36fl}fflJt7r^^*e*Lfc» 
©ftfl^#v;l^-F^77^£Ajtf£ftSo £l 

[0 0 10] *?S0^fetf&gffl^~F^7 7^/ i «;fgs 

f Sffi 1 C7i*-*t, S'^Jl'*— Kft77'f'V> 
(HP*«#M"*»2©7x>b-/I/*WU Cft&tcfco 
Tgffl^-F#77>f/*%#&*-&3Jtt=i***, tit 
liv;!^*- F7£7 7-i7 , i£-yy^;V : e- Fft77-f^ 

sj^ensstmoso?* n7@^*g^-rs^77 
coo i i] 

shoots- 

[0 0 1 2] El 1 tt#HSi0JBffifc:ffi*>£3lSlteS';*'r 

;Urt»c*aasnfc-r;^t- FJte7r<r^ l 
jgfflfejMS&i: bTffifg^ftf-yy K3t7 r 

bTfaAS«f«We2&<ia 1 0 A, *«ttfsa3ffl«7 7'<' 
/M^LTi«A#ffll©#3fi*2 0 Bfc***4r*a*S 
tlT^5, S/^^A^E— H«77-f/«2©ft*K 

ttiif«ffl3£7 7^3*^ bT^MO^fH^ 1 0 
B, *<fctf^flift7 7>(/M*ftbT«jaffl<t>M£a€ 

i2o a ttfxzmmzn, &mMt»yt&mt££ 40 
stte%£»&£ ttSifttcibis titcm&*m-?o 
[0013] &tf, &ffi<Dffi&is£xfrFm >%smic-o^ 

yr-frt 1 *" 5 x y;U v - 7 A tfjito £ ftfc 

F3tt77-Y^ 1 ©ft^(ijM^SStW*~a3ff-eS 
3„ S'y WE- FJK7 7-Y^ 2 {jffiH&tf^XfcW 
vx7A#^SftfcftSapm©37'fc, nTCWJI 50 



W M 2 0 0 0-1 1 5082 
4 

fcft&l 2 5 pmO^Stf^XTfSfcftfc^-y FT? 

ig/sstu ssgg6ffl©7 , e77-r^T?$§ 0 
[0014] AnA^i!i©3tSffl « 1 0 Afr5atifi;£ft;fc 

^WiM«ffl^7 7-('A3^5iiibT^;l/9 L t- Fft 

7 7 -f > * 1 fei tf 5/ y?JV*r- Fft7 7 -iVS 2 *&M 

u smmfty rjrti **rcttjitt©ttg*« 2 0 a 

ICS 5 ft*. 

[0 0 15] COJflBMSKfcfc^T, ftgftSl OA 
fr&£ffi£ftfcftM^tf££l<:v;l/?-*r- F3t77-T^ 
1 *g r 5/ y iOV*— FJE7 r-f 2 *e»r s ftfetc 

(i, v>I/^^Ftt77^M KAftSftSftfl-^tt* 
J&fc- FA^a^yy we- WBMItt Bftlfftli 
a&al/\, 

[0 0 16] iSK, v;!/^*— KJt7 7>CAl©4 1 %IS 

-y y we- K3t7 7 -f 2 imm 

- F3fc7 7-^*2 ©ATJffl-esSflre- FWflOB** 

F^77^A 1 tcti-yy W*- K<D*teft*£ 
A&"f St i:tfS*£#£a5 0 

[0017] -ra=b^ wt-K^y-f^i fca 

Jgt- FO^^AW^ftS Fft7 7 

A^fiS/St- FOJgffiTfv/l^-*- F7t7r^/^ l 

[0 0 18] 0 2^M§L.a^P>v;l/^-F7 l e 
77^ l tc^y^t- F©3WS^*AI*fS73St!: 

*t±^{f myty T-i^z %ft br^^t- f^7 7>r 

^ltcAMSftv SSOffl3t7 7>f^3i:bT(±, Sfi* 

ir^aab** F^7ift«**rs»2©Ewgfflj67 7'f-' , 5 

^fflv&ft^o ciftt,MSffl? 1 d77-Y/ i «3|cti»jS^- 

Ko**eji* ft*. *tiw#W)***- pa%4f * 

«t 5 aSiSfi©7tS^lfflfiS l 0 A *^ 63M 6 ft« c a 

a^\ 

[0 0 19] 3aS«ffl«77-f^3fctT*IOBWBffl31fi 

77-f/^*fflv^*&t4, jieeaasi:LTffifflLTv>s 

t©*|gffl-r«C iD^T?#«©T?, ^titCjgbfe73i*-P 
feS„ CfttC*fbTl^2©JSlSffl^7 7-r^*fflI/^ii 

■a-t* , esci6 t ¥t 7 7 -y ^«f'3ai b a ifnm a 5 a 



5 

x vmmcmi&'E- f^#§c tWT%% t^s^m® 

#SU\, *»SW©3WSffl)fc7r^^4i:LTl8lOiffl 

[0 0 2 0] ^-egSfrt- K3t7r-Y^<fflSBB<0«ffit 

*— Fft7 r<<t\ i QflSffiagl l ©7x;V-;l/ 3 0- 
l , s/y F*7 r -f 2 ©SSPttS 2«7x;k 

ffi3 1 - 1 £ 3 1 - 2 t*g^bT@S"rS¥Slc«t-3 

r?g^n§7 1 e=tJT^^3 0^'r o sfe, S4«i:n 

r-f^ l 4>ttJHE£ F*7 7 Y/< 2 ©ftJI 

MSBtfttf 337©ip AlfcB^pf ft§ t W^^tt 

[0021] zftsviz, iiuxmm^^mnamt 

XSty9fr*r- Yft7T<(K2*&Xf*A> , &r- FJE7 
5"fMl £{E$LTg#EM£77-fVS4£lgTj!lPA#flJ 

^ttv s^we- F)t7 7^ 2 mm Ltdm^)v 

^*-Fft77^m££J)KT££ ££&£©"£, 

Fft7 r-TA 1 lc AtfrSftSSfll^iiSic^ F 

ffl)'e7r'f/ ; ;^'ffit/^ii^tcj;-pT, SlSt-KOJflt 

[0 0 2 2] itaA#iJ©^ffl7t77"r/^4tt, 
[0 0 2 3] 

[&%0!l 1 ] II 2 £^tmSc©7frI^>X'ri.£:ffl^ 



(4) &m 2 0 0 0 - 1 1 5 0 8 2 

6 

its Is— 94 *~Yfrt>mMZft% 1 . 3|im(DU 
— tf fttff 15 7. 5 M b / s ©/ ^l/Xfl-ff-fc J; o T^il 

[0 0 2 4] 7;I^E-KK77-</< 1 (i53l^7XE 
y;W-^A^i)DL/cfig5 0 jiim©37' t^Offl*) 
icftfel 2 5/im<D^7 7 F^fig^n, g£#0. 4 
km, 1. 7 km, 5. 8 km, 8. 4km©Jt^CO 

io ^xfflmLfc 0 Sft % *»$0i/*-K#7 7-1^2 8:5 

H^7Xtcy;Uv^7A^»bS:iSS9 /imOnZi: 
7 7 4 A 3 ttS^y ^;I/^E- F3fc7 7 -f^ 2 t m C#W8© 

■So 

20 [0 0 2 5] C©£?&7ftffil5'XT AJcfc(^T£j£gS 

0. 4 km, 1. 7 km, 5. 8 km Fx 
9— fi^Cfc^ofctf, 8. 4 km<0»frttirv hx5 

tc» U ^9 L *-F7t7 7^/^©fi*MH^0^ 
^^ioT^tiiff ©t?^s c ttfigJtife. 

[0 0 2 6] 

imam 2 ] s 2 «k tf mtm 1 t m u« 

^©^ilM^XrA^ffl^TSfflt- F^77<f^M© 
/U(±l. 2km, '»^';U ; e-F7 , e77'f'^2ti 1 5 

ti5m-efe^o 

[0027] c©j:a*7ifiimv'X7 i Atc*j^Te3?ffl 

*©WS*ff o fefiS, 1. 3 jim©jfeRfc::fett§£j£ 
fl^ti2. 0 6 d B/km^SofCo 

k^77-t/^sjs^~ F©7t*e^tra{f ©-et § 

[0 0 2 8] 

DttSW] 06lC*'r^©7tjl{I>'XxA*ffl^T, 

sat- F?t7 7-T^©ejna^ i^;i/^«*ff ^ 

T&fc-S, ^tangflll 0A©^W7J*iI^T;I/^-F 
50 3t7 5'-f'/MKffi!i&bft»&<oea8S**»JSLft. v 



10 



K3£7 7 -f ^ Mil. 2 km, H 

i tin ires 5„ 

[0029] d^i-pajtiie^^-rAtcov^r^W 

19. 7dB/km, ^l/f-^-K^T^ 
l ©ingle <fc U"-Wi 0 . l d B JWTt?£ o fc D 

[0 0 3 0] 

T, ^;l^~Kft77^£g/6^~F©3ftI*f#A 
HI. ii^-Kyr-f/WMIiWH, 37S©S& 



(5) If ffi 2 0 0 0 - 1 1 5 0 8 2 

8 

[02] toA#fJJ^6^MiK^f T*»S©«i8*3? 
[03] 3t3*^^K«fcSS8)IWte*iKWrSfc«>fiD0 
[0 4] KiSSBKte^KWfSfcftCH^a&S., 

[0 5] «jaw*^jtoA#flKSM*n*»^!)#ij5gi£ 
[06] itmwu:&t>%yt&.m&<Dmf&%:*.tMr*& 

[??F^«Ui^] 

1 • • • F3E7 7-l7^ 2 • ' ■ fy^Vl/t— K?t 
7 7^, 1-1, 1-2, 2-2«" 
*7VP, 3 •'•3g|fffl7 , £7 7'l'^, 4'--gSJB3£77 

2 0---^§fg1$, 3 0'"^^$, 3 0-1-2- 
"7x/WK 3 1 • • -tQW 



[01] 



[02] 



I 



10A 



(15 1 5 2 5 



206 



_ 4 .i 



1 



20A i 



» 5 2 5 f 



3 T 



108 



/ ,0A a 5-t 1 5 2 5-2 4 



20A 




(6) 



%fffl2 000-1 15082 



HfiffiB] fgtl l¥l 2ft 1 B (1 9 9 9. 12. 
1) 

V&g&SE. l ] 

mi E3ifisii3«^ 6 asm * ww tES«ffl7 ( e7 7 -r / 

L T JfM * ft 3 F ©ft{g^#\ MSBv;b^^- 

ME^^^t- K?t7 r 1-^*5 A tft5fSS{fffi7t7 r 
^/tfcJMcfiULT* WIE3ttSMHIIcJ:t)»l«n*e: 

C¥«HfiE2] 

mmm-m&i 0007 

[0 0 0 7] 



tifcv-y^*- H3e7T-f/<fc, cnp.^a*- k?k 

et4afifllffl3t7r-f/W8a»*n, Fft7 

ft77"f/S£A«U v;l^-K3t7r^ 
[#iME 3 ] 

mmmmm&\ ooos 

[0 0 0 8] *%W<D%Mm*>Xr-2±{C&tH£, ftg{g 

ricse*- f t s w c ©sjg*- ^(ommt^^ 

is y 9fV£- F €*8s t 5 V Fft 7 7 -f / 
F©»2>££, i/^^/I^E- Fft7 r-T/^fe J; tfSfg 

So 



7 P^F^- 

mmm pm ft* (72)?pm m 

xmfcxmite.**.* 6TB 2#4o^ *BawaETftitK't , i»6Ta 2#27^ 

F 2H036 JAOO MA11 QAOO QA21 

5K002 BA32 BA33 CA14 FA02 



